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Abstract 
People spend an increasing amount of their time indoors. Thus, environmental conditions and air quality but also safety aspects
are of specific concern in indoor settings. This contribution gives an overview of chemical sensor technologies used for indoor
applications, focusing on explosive gas leak and fire detection as well as indoor air quality as the most relevant applications.
These applications are traditionally addressed with a variety of technologies, such as metal-oxide semiconductor gas sensors for
gas leak detection or infrared sensors for CO2 monitoring. Increased requirements led to multisensor developments especially for 
security applications such as fire detection which demand a high reliability of the sensor system. In recent years, modern signal 
processing techniques have increasingly been used to overcome typical problems of chemical sensors, especially limited 
selectivity as well as drift and aging. Some examples for state-of-the-art chemical sensor systems for indoor applications are 
given showing the growing potential in this area.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Indoor applications are an area of increasing interest for chemical sensors. One driver is the increased demand for 
safety, not only in public buildings but also in private homes. In this context, detection of explosive gas leaks and 
early fire detection are still issues requiring optimal solutions, even though much progress has been made in the past. 
In addition, security is playing an increasingly important role, especially for public buildings, i.e. the detection of 
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explosives and toxic gases. A further area of interest is the control of HVAC (heating, ventilation, air conditioning) 
equipment as heating and cooling account for a large percentage of the primary energy used today. Demands for 
reduced energy consumption can only be met by reducing the air circulation, thus buildings tend to become more 
and more air tight. However, this adversely affects the health of the inhabitants due to increased levels of carbon 
monoxide (CO2) primarily caused by human breathing. CO2 reduces productivity and causes fatigue or even 
headaches. In addition, volatile organic compounds (VOC) which result from a wide spectrum of sources, such as 
building materials, furniture, cleaning agents and also human activity (i.e. sweat) are causing increasing concern 
especially regarding the sick building syndrome. This has led to the demand for chemical sensor systems which can 
detect the most relevant components for determining indoor air quality (IAQ) in order to minimize energy 
consumption without causing adverse effects for humans in the indoor environment. In addition to the chemical 
environment, many additional factors influence the comfort and health of people indoors, i.e. temperature, humidity, 
light, air movement/draft, but also particles, pollen or spores from mold.  
Many sensor principles have been tested and are used in indoor applications, notably infrared (IR) detection, 
especially for CO2 monitoring, as well as electrochemical cells (EC), e.g. for carbon monoxide (CO) detection for 
fire alarms and also to prevent poisoning by defective heating units. However, the most successful sensor principle 
for indoor use remains the metal oxide semiconductor (MOS) gas sensor. Indeed, the original Figaro sensors were 
specifically developed for addressing an indoor application, namely explosive gas leak detection, which is required 
by law in Japan. The unique selling point of these sensors, apart from their low cost combined with high sensitivity, 
is their unrivaled robustness: MOS sensors have proven reliable over more than ten years of continuous operation. 
This is a very important point for indoor applications, were sensor replacement every few months is not acceptable. 
2. Gas measurement systems 
For selection and optimization of chemical sensors, the three “S” are the primary challenges: 
Sensitivity describes the requirement that the sensor must detect the relevant gas or gas mixture at the 
concentration appropriate for the desired application. This varies widely, even in indoor applications, from several 
1000 ppm, e.g. for CO2 detection (400 to 5000 ppm) or explosive gas leak detection (CH4 warning level typically 
4000 ppm) down to ppb levels, e.g. for hazardous gases like ozone (limits range from 50 to 300 ppb) or benzene 
(WHO suggest a limit value of 1 ppb due to its carcinogenic effects) and even lower for detection of explosives or 
nerve agents. 
Selectivity is currently the main R&D challenge for gas measurement systems as most sensors –especially MOS 
sensors, but also EC sensors, GasFETs or pellistors – show a wide response spectrum with many cross sensitivities. 
Even IR sensors are selective only up to a point: while selective CO2 detection is fairly simple due to its unique 
absorption spectrum, CH4 detection based on the CH vibration is cross sensitive to practically all hydrocarbons, e.g. 
ethanol. Thus, a spilled bottle of wine can set off the gas leak alarm, which is one of the reasons that gas leak 
detection is still a widely unsolved problem in normal households. Ideally, a sensor should only react to a specific 
target gas or situation. Selectivity can be optimized by selecting material, sensor layer preparation and proper 
operating conditions, e.g. temperature. Note however, that a sensor with wide response spectrum also offers the 
opportunity for addressing multiple applications with a single sensor, i.e. integrating various functions in one low-
cost device if the selectivity can be achieved with other means as discussed below. 
Stability is often overlooked as a critical challenge for chemical sensor systems, at least in research projects 
which tend to concentrate on increasing sensitivity and/or selectivity – or simply studying novel materials. However, 
to be able to address real world problems, stability of the sensor is a must. Indeed, for applications in safety and 
security, stability is today seen as the issue preventing the widespread application of many sensor technologies – 
especially MOS sensors. Note that robustness on the one hand and stability on the other are two quite distinct issues: 
while MOS sensors are known to operate over many years, reliable identification and/or quantification of gases is 
often difficult due to drift, aging or poisoning of the gas sensitive layer.  
While the chemical sensor is of course a highly relevant part of any gas measurement system, it has to be noted 
that the sensor element alone will in general not be able to address all application specific challenges. A generic 
scheme for gas measurement systems is shown in Fig. 1. The depicted modular approach emphasizes the importance 
of electronics for operation of the sensor and data acquisition as well as subsequent signal processing and 
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evaluation. These systems often also contain additional sensors, e.g. for relative humidity (r.h.) or temperature (T), 
which can be used in multiple ways. Internally, the data from these sensors can be used to correct the information 
obtained from the chemical sensors, i.e. to suppress cross interference effects or linearize the response for 
quantitative measurements. Externally, these sensors can provide additional data for the overall application. 
Temperature and humidity are obviously important parameters for indoor climate in HVAC systems, but 
temperature sensors are also used for fire detection. 
Fig. 1. Schematic of a modular sensor system for indoor applications. 
Signal processing has gained huge interest in the field of chemical sensors in recent years with the advance of 
multisensor systems, which were developed primarily to address the limited selectivity of single sensors. In many 
modern applications multiple chemical sensors are used in combination with pattern recognition tools in order to 
achieve amazing selectivity, which can e.g. allow differentiation of different types of fire and non-fire situations to 
prevent false alarms in fire detection applications [1,2]. 
In addition to multisensor systems, dynamic operation of a single (or only a few) chemical sensors has also 
proven very successful in addressing the three “S”. Temperature cycled operation (TCO) [3] and electrical 
impedance spectroscopy (EIS) [4] have both proven highly successful especially for MOS sensors. Note that this 
dynamic operation of a single sensor, also called a virtual multisensor [5], not only increases the selectivity but can 
also improve the stability. While for a multisensor array drift of a single sensor can already prevent correct 
evaluation, virtual multisensors haven proven stable over periods of several months in the lab and various field tests 
[6,7]. A recent book chapter discusses typical methods used for gas sensor data evaluation and also briefly addresses 
challenges relating to sensor calibration and drift compensation. Four application examples are shown in detail 
demonstrating the use of different sensor configurations and data processing approaches: robust ozone 
quantification, sweat odor assessment trained by correlation with a human sensory panel, fire detection in buildings, 
and finally underground fire detection in coal mines requiring very high selectivity [8]. 
3. Calibration and field testing  
Another aspect that is easily overlooked for development of gas measurement systems is the issue of testing and 
calibration. For fire detection the current norms describe not only the requirements of the detectors themselves but 
also the scenarios for their testing [9]. However, these test scenarios currently focus on smoke detectors and are 
therefore somewhat ill-suited for fire detectors based on chemical sensors. For development of signal processing 
techniques which are often based on multivariate, i.e. statistical, data analysis [10] the standard tests are very time 
consuming and expensive. 
For indoor air quality monitoring applications the largest challenge today lies in the selective detection of 
hazardous VOCs, especially formaldehyde, benzene and naphthalene as these occur frequently in real environments 
and pose serious health hazards [11] demanding detection limits down to low ppb range down to 1 ppb for benzene 
[12]. These VOCs have to be detected in the presence of other VOCs, e.g. ethanol vapor, which are rated benign, at 
least up to total VOC concentrations of 1 ppm. Furthermore, many VOCs are also odorants, again either judged as 
positive, e.g. perfumes, or negative, e.g. sweat odor. A comprehensive sensor system for assessing indoor air quality 
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would have to take these various aspects into account and should be adaptable, for example to allow room specific 
ventilation strategies. For example, hazardous VOCs need to be closely monitored in living and bedrooms where 
people spend most of their time, but for bathrooms users might put a larger emphasis on odor. Low cost sensor 
systems based on dynamically operated MOS gas sensors have proven to be suitable for detection of hazardous 
VOCs down to ppb level even against a large background of ethanol [13]. However, even the sensor housing can 
have a significant effect on the system performance due to outgassing of VOCs and systems have to be calibrated 
individually with an extensive test profile [13]. Furthermore, during field testing in real operating environments, e.g. 
office spaces, we established that local background conditions also have to be taken into account.  
4. Conclusion and outlook 
Chemical sensors are expected to become ubiquitous in modern indoor applications increasing safety (e.g. for fire 
and gas leak detection) and reducing energy consumption by optimized HVAC operation without lowering comfort 
or health standards. Intelligent gas measurement systems combining state-of-the-art sensors with dynamic operation 
and signal processing will moreover offer the possibility to address multiple applications simultaneously, e.g. IAQ 
and fire detection, thus reducing cost, especially in modern networked building environments. 
However, some fundamental challenges remain. For example, even though the impact of particulate matter on 
health is well known [14] particle sensors are still very expensive, preventing the measurement of PF10, PF2.5 or UFP 
in indoor environments, at least on a regular or continuous basis. Even more disturbing is the fact that we still do not 
fully understand the health effects of particulate matter, i.e. are the observed adverse health effects caused by the 
size, shape or material of the particles or perhaps even by VOCs adsorbed on their surface. Furthermore, important 
aspects for indoor air quality such as pollen or mold/mildew cannot yet be addressed with low cost sensors at all. 
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